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ORGANISMS RESPONSIBLE FOR LO SE in stored grain include mold , bacteria, mites, and insects, all of which are influenced by moisture 
and temperature. Development of most of the harmful organi m can 
be minimized by reducing the moisture content or the temperature of 
the grain to a level at which they will not flourish. Most grains, if dried 
to 13 or 14 percent moisture content, will store for a long time if kept 
dry. Insect activity and fungi growth i greatly inhibited if the grain 
temperature is kept below 40° F. 
MOISTURE MIGRATION 
Moisture often accumulate in the top layers of stored grain even 
though the grain is stored at a safe moisture content in weathertight 
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How Moisture Migrates in Grain. Grain harvested and placed in sto rage 
during the warm months of late summer or early fall loses its heat slowly 
as the weather gets colder. Grain near the urface and next to the walls 
cools first, while that in the center of the bin remains warm. This tempera-
ture difference creates slowly moving air currents. Cool air near the walls 
moves downward, forcing warm air upward. When the warm air reaches 
cold grain near the surface, condensation may occur in the same way 
moisture condenses on the exterior of a glass of ice-water. Although the 
movement or migration of moisture takes place lowly, it continues as long 
as temperature differences exist in the grain. If allowed to continue for 
months or even a few weeks, particularly in large bins, the accumulated 
moisture can cause severe damage to the upper layers of tored grain. 
( Fig. 1) 
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bins. The accumulation is caused by moisture migration when air 
warmed by contact with warm grain in the depths of the bin rises until 
it is cooled by cooler grain near the surface (Fig. 1). Since cool air 
cannot carry as much moisture as warm air, moisture is condensed and 
may promote insect activity, mold growth, and subsequent spoilage in 
the upper layers of grain. 
Control of Moisture Migration 
Moisture migration can be controlled by equalizing the temperature 
throughout the grain. An effective method of doing this is to move 
small quantities of air through the grain more or less continuously or 
to move larger quantities of air periodically. Ventilation of grain for 
the purpose of controlling moisture migration is referred to as "grain 
aeration" or sometimes as "grain cooling." Proper operation of aera-
tion equipment can keep dry-stored grain cooled to temperatures close 
to the average air temperatures throughout the fall and winter. Aera-
tion is a practical way to help maintain the quality of stored grain by 
providing better storage conditions. A good grain aeration system can: 
( 1) prevent moisture accumulation in the surface layers, (2) retard 
mold growth, ( 3) reduce insect activity, and ( 4) remove storage odors. 
Holding Wet Grain 
Aeration or cooling to control moisture migration in dry-stored grain 
a described in this publication should not be confused with the practice 
of using ten times as much air (Yz c.f.m. or more per bushel) to cool 
(or chill) and hold wet grain. The management of systems for holding 
wet grain at low temperature with cool or chilled air requires a more 
thorough understanding of the relationship between grain moisture, 
temperature, and allowable storage time than does aeration for moisture 
migration. Papers and publications on the technique of cooling, chill-
ing, and dehydration of wet-stored grain are available from the Agri-
cultural Engineering Department, University of Illinois, Urbana 61801. 
AERATION EQUIPMENT 
The most reliable and effective equipment for moving air through 
grain consists of a motor-driven fan and a perforated duct or floor. 
fan and Motor Horsepower 
Two things should be considered in choosing a motor-driven fan: 
the volume of air (cubic feet of air delivered a minute, c.f.m.) and the 
static pressure ( resistance this volume of air meets, in inches of water 
pressure) required. The volume of air required depends on the quan-
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tity of grain stored, while the static pressure required depends on the 
depth and kind of grain stored. 
Minimum airflow rates for fans operated continuously are as low as 
1/ 50 c.f.m. a bushel of grain. Operator of commercial grain storage 
facilities often use rates of 1/ 10 c.f.m. a bushel or higher. A rate of 
1/ 20 to 1/ 30 c.f.m. a bushel is adequate for most farm-stored grain. 
Tables 1 and 2 can be used as a guide in selecting motor-driven 
aeration fans . For example, suppose you want to determine the re-
quired motor size for aerating a bin filled to a depth of 24 feet with 
12,000 bushels of helled corn. You want to provide an airflow of 
1/ 30 c.f.m. a bushel. By referring to Table 1, you find the power re-
quirement to be between 1/ 12 and 1/ 6 horsepower. 
Table 1.- Typical Horsepower Requirements for Aeration 
of Shelled Corn and Soybeansa 
Depth of grain, ft . ...... Up to 20 20 to 30 30 to 40 40 to SO 
Airflow, c.f.m. / bu . . .. .. . . 1/ 10 1/ 30 1/ 10 1/ 30 1/ 10 1/ 30 1/ 10 1/ 30 
Bushels of grain Horsepower 
2,000 ........ •• • •• 0 • •• 1/ 20 1/ SO 1/ 12 1/ SO 1/ 6 1/ SO 1/ 6 1/ 50 
3,000 .. . ..... . .. ...... 1/ 12 1/ 50 1/ 6 1/ 20 1/ 6 1/ 20 1/ 4 1/ 20 
6,000 . ..... .. ... . .... . 1/ 6 1/ 20 1/ 4 1/ 20 1/ 3 1/ 20 1/ 2 1/ 12 
10,000 . . . .............. 1/ 4 1/ 12 1/ 3 1/ 12 1/ 2 1/ 12 3/ 4 1/ 6 
20,000 . . .. ............ . 1/ 2 1/ 6 3/ 4 1/ 6 1 1/ 6 172 1/ 4 
30,000 .......... . ...... 3/ 4 1/ 4 1 1/ 4 172 1/ 4 2 1/ 3 
40,000 . ........ . ... . . . . 1 1/ 3 172 1/ 3 2 1/ 3 3 1/ 2 
60,000 ........... .. . .. 172 1/ 2 2 1/ 2 3 1/ 2 s 3/ 4 
a Horsepower requirements for small grains such as wheat and oats will be two to three 
times as great as those hown for corn and soybeans. 
Table 2 . - Static Pressure and Horsepower Requirements 
for Grain Aeration Fans 
Static pressure (in. of 
water) when airflow is -
Horsepower/ 1,000 bu. 
when airflow is -Depth of 
grain, ft. 
1/ 10 c.f.m. / bu. 1/ 30 c.f.m. / bu. 1/ 10 c.f.m. / bu. 1/ 30 c.f.m. / bu. 
CORN AND SOYBEA s 
Up to 20 ...... .7 .S .02S .006 
20 to 30 . ..... . .9 .6 .030 .007 
30 to 40 ....... 1.3 . 7 . 04S .008 
40 to SO .. .. ... 1 . 9 .8 .06S .009 
WHEAT AND OATS 
Up to 20 .. . ... 1.6 1.1 . OSS .012 
20to30 . .. ... . 2.6 1 .4 .090 . 01S 
30to40 ... .... 4.0 1.9 . 135 .020 
40 to 50 ....... 6 .0 2.5 . 200 .030 
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It may be necessary to purchase a fan larger than 1/6 horsepower, 
a aeration fans smaller than 1/4 to 1/3 horsepower are not always 
readily available. The fan must deliver the air, a total of 400 c.f.m., 
against a static pressure of 0.6 inches of water (Table 2 ). Choosing 
oversized aeration fan is a good practice since the additional initial 
investment and slight increase in operating cost is a small price to pay 
for assurance that a11 grain served by the system will receive suffi-
cient air. 
A crop-drying fan may also be used for aeration, but it should be 
operated only for short periods of time because of its high air volume 
delivery. Excessive movement of air can start a drying front through 
the grain or add moisture to the grain depending on outside air temper-
ature and humidity. 
Air Distribution System 
A perforated floor provide the most efficient air distribution system 
and when installed in a bin for drying purposes should also be used for 
aeration. It may not be practical, however, to install a perforated floor 
only for aeration, for ducts are satisfactory and are less costly. Ducts 
installed on the floor (Figs. 2 and 3) may be circular, semicircular, 
arched, rectangular, or U- or V-shaped in cross section. 
Floor Duct System for a Circular or Square Bin. Bins having a capac-
ity of 5,000 bushels or more should be equipped with an on-the-floor or 
flush-floor duct system. Flush floor ducts are required in bins equipped 
with sweep auger unloading equipment. Floor duct patterns most commonly 
used are: ( 1) non-perforated central duct with several perforated laterals, 
(2) single perforated central duct, and ( 3) two perforated ducts in an 
"X" or "Y" arrangement. A duct pattern that insures good airflow at the 
center of the bin is desirable, as this is often a trouble spot. In tall, silo-
shaped bins, collector ducts may be replaced with a single collector in the 
center of the floor. A perforated oil drum serves well as a collector. (Fig. 2) 
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Floor Duct System for a Rectangular Bin. A wooden air duct placed on 
2 x 4-inch slats is adequate for rectangular bins under 50 feet long. Con-
sult a reliable manufacturer of aeration equipment for ducts longer than 
50 feet because of the uneven air distribution in long ducts with uniform 
air inlets. For uniform air distribution in a long duct, the percentage of 
perforation in relation to the duct surface must be lowest at the fan end-
often less than 1 percent. The percentage should increase with distance 
away from the fan until a maximum of 15 to 20 percent is reached at the 
farthest point. In a wide storage building requiring more than one duct, 
the distance between ducts should not be greater than the grain depth. 
(Fig. 3) 
To determine the required cross-sectional area of a duct, the total 
air volume to be carried by the duct is div·ided by the maximum air 
velocity (in feet a minute) permitted within the duct. 
Total air volume ( c.f.m.) . 
A. 1 . ( f ) = Cross-sectwn area (square feet) 1r ve oc1ty .p.m. 
Because a high air velocity results in a large friction loss, it is best 
to keep duct velocities in the range of 1,000 to 2,000 f.p.m. Velocities 
of 2,000 f.p.m. or slightly higher are permissible in short ducts of only 
a few feet; however, in ducts exceeding 25 feet in length the velocity 
should be limited to 1,500 f.p.m. or less. 
Suppose you want to determine the required duct size for exhaust-
ing the 400 c.f .m. of air needed to aerate the shelled corn in the previous 
example. Assuming the duct length to be at least 25 feet, the required 
cross-sectional area of the duct will be: 1 ~~~ ~·.::. = 0.267 square feet. 
An 8-inch-diameter circular duct or a 4 x 12 inch rectangular duct 
would be sufficient (Table 3). 
Aeration ducts should have perforated openings equal to at least 
10 percent of the total duct surface, except for very long ducts as ex-
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Table 3. - Duct Cross-Sectional Areas 
Diameter 
or depth 
(in.) 
4 .... . ... . ... ... . 
6 ............... . 
8 . ... . . . ........ . 
10 . . ... . ......... . 
12 .............. . . 
14 ..... . .... .... . . 
16 .... . ..... . . . .. . 
18 ...... . ...... . . . 
Circular 
area 
Rectangular area in square feet 
when top width in inches is: 
(sq. ft. ) 9 12 15 
.08 
.20 
.35 
.55 
. 75 
1.05 
1.40 
1. 75 
. 25 
.38 
.SO 
. 62 
. 75 
.88 
1.00 
1.12 
.33 .41 
.SO . 62 
. 67 .83 
.83 1 .04 
1.00 1. 25 
1 .16 1.46 
1.33 1. 67 
1 .50 1.88 
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Portable Vertical Pipe System for a Circular, Square, or Rectangular Bin. 
A portable vertical pipe system consists of 6 feet of perforated duct attached 
to the lower end of a 4- to 8-inch diameter pipe. A V6 horsepower exhaust 
fan attached to the top of the pipe will aerate 3,000 to 5,000 bushels of 
grain. Continuous operation of the fan, even during damp or rainy weather, 
will not appreciably raise the moisture content of the grain. The energy 
consumption for this aeration system will be similar to that of a 200-watt 
light bulb. For tightly sealed bins, an outside vent for the exhaust ai r and 
a definite air intake may be desirable. When more than one vertical pipe 
system is installed in a large bin, the distance between aerators should not 
be much greater than the grain depth. (Fig. 4) 
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plained in Figure 3. If you make an aeration duct out of metal, choose 
a metal that can be easily drilled, cut, or punched for air inlets. These 
inlets should be no larger than Ys inch in diameter to prevent grain 
from plugging the inlets or sifting into the duct. Inlets for wooden 
ducts may be provided by placing the duct on 2 x 4-inch slats. 
Two rows of concrete blocks covered with 2-inch boards can also be 
used as a duct. The holes in the blocks can serve as air inlets, but must 
be covered with wire screen to keep out the grain. A corn drag trench 
in a converted crib can also serve as an air duct. Whatever the duct 
material, it must be strong enough to support the grain load. 
Portable pipe systems may be installed after bins are filled (Fig. 4 ) . 
A vacuum cleaner can be used to suck grain out of the pipe as it is 
pushed down. Some portable pipe aerators are equipped with a screw 
or auger end section so the unit can be turned into the grain ( Fig. 5) . 
Wind-driven Ventilator 
Portable, Motor-driven Grain Aerator. Au-
ger point permits quick, easy installation and 
removal, permitting it to be used in more than 
one bin to remove hot or damp spots. Depth 
is controlled by the addition or removal of pipe 
sections. ( Fig. 5) 
A wind-driven rotary ventilator installed on a vertical pipe can be 
used to aerate 1,000 to 3,000 bushels of grain. This unit depends on a 
"chimney" or "stack" effect for aeration. It must be installed in open 
areas, away from tall buildings, to take full advantage of the wind 
velocity. Wind-driven ventilators should not be installed in areas where 
the average wind velocity is less than 8 to 10 miles an hour. An obvious 
disadvantage of this system is its dependence on wind for operation. 
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DIRECTION OF AIRFLOW 
The direction of airflow during aeration is usually downward. Op-
erating the fan on exhaust expells the warm, moist air through warm 
grain in the lower part of the bin and not through the cool surface layers 
where condensation may occur. Downward movement of the air also 
tends to offset the natural tendency for warm air to move toward the 
surface. 
It may become necessary to reverse the flow of air in grain contain-
ing an excessive amount of "fines" or foreign material to prevent the 
fine particles from accumulating on or near the perforated duct and 
blocking the passage of the air. Screening or cleaning to remove foreign 
material before storing grain is desirable, and grain should always be 
properly distributed as it i placed in storage to prevent build-up of fines 
in localized areas. When a crop-drying fan, which normally forces air 
into grain, is used for aeration it need not be reversed but should be 
operated only for short periods of time since its high volume of air 
delivery will quickly change the temperature of the grain. 
OPERATING PROCEDURE 
Aeration should be started when the air temperature is 10° to 15 o F. 
below that of the grain. The only sure way of determining grain tem-
perature is to in tall temperature sen ing equipment or to probe the 
grain. A simple procedure i to attach a small thermometer to a length 
of string and lower it into a pipe inserted into the grain. After a few 
minutes, raise the thermometer and read it quickly. Measuring the tem-
perature of the air exhausted from the grain by the fan will give an 
indication of the grain temperature; however, this method will not 
detect "hot spots" that may be pre ent in the grain. A grain temperature 
of about 50° F. is generally sati factory, particularly if the grain is to 
be moved the following summer. For grain that is to be stored for more 
than one year, lowering the temperature to 35 o or 40 ° F. will give better 
insect and mold control. Condensation may take place on cold grain 
removed from storage on a warm day; therefore, it is good practice to 
operate the aeration fan and warm the grain to within 15 to 20 degrees 
of air temperature before removing the grain. 
Fans supplying 1/ 20 c.f.m. a bushel or le s can be operated contin-
uously. If the airflow rate is 1/ 10 c.f.m. a bushel or greater, it will be 
more economical to operate the fans intermittently. 
Either manual or automatic control may be used. Manual control 
will give good results if the fans are operated for a few days after each 
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Wiring Diagram for Automatic Control of Aeration Fans. Where several 
fans are operated from one set of controls, indicator lights can be installed 
on the control panel to indicate which fans are operating. Thermostats and 
humidistats should be placed in the shade, protected from weather, and 
positioned to sense freely moving outside air. Both the thermostat and 
humidistat should be carefully adjusted and maintained according to manu-
facturer's recommendations. Temperature and humidity controls designed 
for operating aeration equipment are available from several manufac-
turers. (Fig. 6) 
substantial change in air temperature. Automatic control can be used to 
take full advantage of weather favorable for aeration. Automatic con-
trols for aeration fans generally employ a high-limit thermostat, a low-
limit thermostat, and a humidistat- all three connected in series 
(Fig. 6). The operator can then select temperature and humidity levels 
so that his equipment will operate only under conditions favorable for 
aeration. 
Stored grain will pick up moisture during periods of high humidity 
and will lose moisture when humidity is low. However, for grain hav-
ing a given moisture content, there is a range of relative humidities of 
the air that will not affect the grain moisture. Moisture of the grain 
and of the air are then said to be in equilibrium. The maximum mois-
ture contents for safe storage of grains and the ranges of relative 
humidities in equilibrium with these moisture contents are given in 
Table 4. 
It is best to aerate the grain with air that will not change the mois-
ture content of the grain. Airflow rates, however, are usually low 
enough that any change in the grain moisture will be extremely slow. 
Even continuous operation during damp or rainy weather with 1/20 to 
1/50 c.f.m. a bushel will not appreciably change the moisture content. 
The airflow rate from a crop-drying fan will be considerably higher. 
When a crop-drying fan is used for aeration, it is best not to operate 
when humidity is extremely high or extremely low. Because the higher 
airflow will cool the grain quite rapidly, it is practical to wait until the 
humidity is near the values indicated in Table 4. 
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Table 4 . - Range of Relative Humidities in Equilibrium With the Maximum 
Moisture Content for Safe Grain Storage 
(Air temperature of 30 ° to 50 ° F. assumed) 
Grain Maximum moisture 
content for safe storage 
Shelled corn, oats. . . . . . . . . . . . . . . . . . . . . . 13 
Wheat, barley, grain sorghum . . . . . . . . . . . 12 
Soybeans . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11 
Percent 
Range of 
relative humidities 
50- 60 
45- 55 
55-65 
TIME REQUIRED FOR AERATION 
Airflow rate largely determines the time needed to cool stored grain 
to the approximate temperature of the air. According to the USDA, a 
fan operated at a rate of 1/ 10 c.f.m. a bushel will do the job in about 80 
hours in the summer, 120 hours in the fall, and 160 hours in the winter.1 
The range in cooling time is attributed to the amount of evaporative 
cooling occurring during each season. In the fall, with an average of 
10 hours a day favorable for aeration, the grain would be cooled in 
about 12 days. Decreasing the airflow rate will proportionately increase 
the cooling time. For example, the cooling time would be twice as long 
for 1/ 20 c.f.m. a bushel as for 1/ 10 c.f.m. a bushel. 
AERATION COSTS 
The cost of aeration equipment for farm-stored grain will depend 
on the capacity of the storage building, size and kind of duct used, 
method of control, and size of fan and fan motor. The installed cost 
of equipment will probably range from about three to ten cents per 
bushel of bin capacity. Packaged aeration systems for round grain 
bins range from about $125 for an 18 foot diameter bin to near $400 for 
a 36 foot diameter bin. The cost of aeration fans alone is about $90 for 
a~ horsepower fan to $240 for a 1Yz horsepower fan. 
Operating co ts include the co t of electrical energy to operate the 
fan motor and the cost of labor to manage the system. Although auto-
matically controlled systems will have a higher initial cost, they are 
likely to be less costly to operate because less management time will be 
required. As an illustration, a ~ horsepower (approximately 250 watt) 
fan consumes only about six kilowatt-hours per 24 hours of operation. 
1 Agricultural Marketing Service, U.S. Department of Agriculture. Aeration 
of grain in commercial storages. U.S. Dept. of Agr. Marketing Research Report 
178, revised November, 1960. 
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At two cents per kilowatt, the fan could be operated continuously for 12 
cents per day, or it could be operated 10 hours out of each day for four 
months for about six dollars. If the system requires much manage-
ment t ime, the labor cost can be considerably more than the electrical 
energy cost. The total operating cost, including labor, for a well planned, 
properly managed aeration system can be as mall as a fraction of one 
cent and should never exceed one cent per bushel per year. 
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